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CADD
Computer aided Drafting and Design.

The presentation and images by East Tennessee State University are licensed under a Creative Commons Attribution 4.0
International License unless noted otherwise.

Upon completing this course, the student will have a
basic understanding of:
Why we need engineering drawings and sketches.
How to create orthogonal, Isometric, and section views.
An understanding of dimensions and tolerances.
How to use 2D & 3D CAD software applications, and their interfaces.
The ability to interpret technical drawings.

This course will cover:
Scales.
Engineering Lettering.
Dimensioning.
Tolerancing.
Orthographic & Isometric Views.
Section & Detail Views.
Extrusions, Revolves, and Lofting.

Student will be able to:
Create dimensionally accurate and annotated 2D drawings of
mechanical assemblies, and all related components.
Produce mechanical drawings of a quality high enough that they can
be used as part of a portfolio.
Move data between programs.
Create 3-D CAD models from scratch.

Required Materials for the next lesson:
An Engineer’s Scale- Imperial.
An Architect Scale- Imperial.
30/60/90 triangle.
45 triangle.
Compass.
Protractor.
1/5 or 1/10 divided Graph paper- Minimum 5 pages per Student.
–
downloadable online:
https://www.vertex42.com/Files/download2/doc.php?file=graphpaper-tenth-inch.docx
Isometric paper-Minimum 5 pages per Student.
https://www.waterproofpaper.com/graph-paper/isometricgraphing-paper.pdf

Autodesk AutoCAD 2023
Free download available for students Personal Computer.
Requires creation of a student account.
30-day free trial available.
Free Chromebook compatible web app available at:

Required Software:
http://www.autodesk.com/student

https://blogs.autodesk.com/autocad/free-access-to-autocad-web-app/

Autodesk Fusion 360
Free download for students Personal Computer available
from Autodesk.
Cloud storage allows access from multiple computers.
Web app (Internet browser version) available at :

https://accounts.autodesk.com/logon?resume=%2Fas%2F1Oqrh%2Fresume%2Fas%2Fauth
orization.ping&spentity=null#username

CAD is one of the primary types of technical
communication between Engineers and others.
Technical Drawings- the permit engineers to communicate
the necessary information required to create products or
fixtures.
Drafting – The process of creating of technical drawings.
Computer Aided Design – the modern process of creating
drawings and blueprints.

What is Documented?
Assembly identification.
Revision information.
Part numbers /
quantities.
Author information.
Approval information.
Tolerance Data.
Dimensional information.
Scale.
And more.

Drafting:
Orthogonal Projection.

Isometric view.

Engineering Lettering:

Lettering means using
precisely written
capital letters or
cleanly written
numbers / fractions.

Engineering Lettering:
The purpose of engineering documentation is to provide clear and
easily understandable information about a product such as:
Lines / arcs / circles -- Dimensions -- Part information /
notes (Part numbers…etc.).
This means providing:
Clean / precise lines and lettering.
Straight lines (Use a ruler at all times).
Smooth arcs (Use a compass or template).
Accurate angles (Use appropriate triangle or protractor).

Scaled Measurements:
Scale:

A drawing that shows a real object with accurate sizes
reduced (or enlarged) by a designated amount.
The scale is shown as the:
1 : 10 6'-5"
6-½"
Length in the drawing
A colon (‘:’).
Matching length in the
real object

Two common types of scales:
Engineering Scale.
Architectural Scale.

Title: Wild Horse (Mustang) in
the Sacramento Mountains of
New Mexico, United States
Author: Richard Stephen Haynes
Source: Wikimedia Commons
License: CC BY-SA

Measurements – Engineer’s Scale:
An Engineering (or Engineer’s) Scale is
a type of ruler used to produce
reduced or enlarged drawings.
Typically, 300mm in length allowing
space on each end.
In North America (U.S. & Canada) the
scale is typically 3-sided and
made of plastic or aluminum.
The Scale the student needs to acquire
has sides that are 1:10, 1:20,
1:30, 1:40, 1:50, and 1:60.
Imperial-Not metric or ISO.

Architectural Scale:
An Architectural (or Architect’s)
Scale is a type of ruler
used in design and
construction projects.
Lengths vary yet space is still
allowed on each end.
In the U.S. the scale is also 3sided and uses imperial
measures; yards, feet,
and inches.
Scales are varied depending on
ruler. Imperial-Not metric or ISO.

First lesson:

Complete the Engineering Lettering handout.

Engineer / Architect
Scales.
Drawing and Measuring to scale.
The presentation and images by East Tennessee State University are licensed under a Creative Commons Attribution 4.0
International License unless noted otherwise.

The student will learn about:
The need for engineering drawings and sketches.
How to create orthogonal, Isometric, and section views.
How to choose correct tolerances and apply dimensioning.
Using 2D & 3D CAD software applications.
Using basic 2D CAD features including points, snaps, creating and
organizing layers, previously drawn objects (blocks), etc..

Purpose of Scaling:
Practicality- Establishes a uniform relationship between an object
and its representation.

Title: Astronaut
Author: WelcometoJurrasicPark
Source: Wikimedia Commons (derivative work of graphic by Astronaut)
License: CC BY-SA 3.0

Engineer’s vs Architect’s Scale:
Engineer

Excessively large objects:
Roads.
City plumbing.
Topography.
Very Small:
Needs up-scaling.
Reads from both sides.
0 is the last edge mark.

Architect

Buildings / Structures:
Rooms / layout.
Electrical systems.
Water systems.
Different scales from each
direction.
0 is not the edge marking.

Engineer’s VS Architect’s Scale:
Engineer:
1 inch = 10 feet.
1 inch = 20 feet.
1 inch = 30 feet.
1 inch = 40 feet.
1 inch = 50 feet.
1 inch = 60 feet.

Architect:
3/32” = 1 foot.
3/16” = 1 foot.
1/8” = 1 foot.
¼” = 1 foot.
3/8” = 1 foot.
½” = 1 foot.
¾” = 1 foot.
1 inch = 1 foot.
1½ inches = 1 foot.
3 inches = 1 foot.
16--1” = 1”.

The Engineer Scale
An Engineer Scale is used to interpret information from drawings with a high degree of accuracy and is an important Engineering
skill.
Drawings provide two- and three- dimensional representation of a full-sized design in a manageable size (scaled). A set of plans
can include multiple scales of different sizes depending on the detail required to clearly represent the object.
The scale of a drawing is usually found in the title block which is located in the lower right-hand corner of the drawing. More
than one scale size can be used on a single page of a drawing when a larger view is needed for a more detailed view.
The term scale is used to represent the both the three-sided measuring tool and the size reduction represented in the drawing. The
scale ruler is a quick method of measuring to determine the actual size of the object when completed.
The scale is specified. It can be written out as 1” = 10’ meaning 1 inch is equal to 10 feet. It is also written as 1:10 meaning 1 is
equal to 10 of what ever is being measured, which must be specified.
Each increment on the scale ruler has a value of 1.

To interpret the measurement in the 1:10 scale you multiple the measured number by 10. 1 unit measured is equal to
10 feet. The whole numbers of the scale represent 10 feet, and the smaller lines between the whole numbers represent 1
foot.
The 1” = 10’ can also be used for a 1 inch is equal to 1 foot by moving the decimal place of the measured number
one place to the left. This would then be read as the whole number represents 1 foot and the smaller marks are equal to an
inch. The same scale can also be used for a scale of 1 inch is equal to 100 feet by moving adding a zero to the end of the
number measured or 1000 feet by adding 2 zeros to the number measured.
The six scales sizes on a typical Engineer scale ruler are 1:10, 1:20, 1:30, 1:40, 1:50, and 1:60.
Engineer scales run incrementally from left to right. The whole number on the left of the scale identifies the scale
that side represents. Engineer scales can also have the scales running both left to right (which is the scale on the bottom)
and right to left (scale on top). This allows measurements to be taken from either end of the page.

How to use your Engineer scale:
•

Do not draw with your scale, use a ruler or triangle.

•

Identify what you wish to measure and determine an appropriate scale.

•

Place your tool on the scale marked on the drawing to ensure they match. If the drawing was scaled during printing
to fit the paper it will not match, and the drawing is not a precise representation of the object.

•

Align the zero mark with one end of what is to be measured. This number measured will indicate actual size.

•

Any written dimensions on the plans take precedence over scaled drawings. If a specified dimension does not match
the measured dimension the drawing is not a precise representation of the object.

•

All measured numbers should be reported in decimal form, no fractions.

Reading the Engineer’s Scale:
The scale factor on each of the sides
tell how many marks per inch.
On the 30 scale there are 30 marks
per ACTUAL inch on the rule.
To measure a line on a given scale:
Select the correct scale, then
measure from the 0 mark.
Example: If 1in. = 30 feet, what is the
length of the blue line?
Answer: 33 feet.

Measurements and format.
Engineering Scale:

Scale in 10ths:

Engineer’s scales make scaling by factors
of 10 easy and applies on every side.
To determine an inch just count the
markings until you reach the
indicated scale.
For 1” = 30 each of the long lines
is equal to 10 units.
Notice the long lines on the 60
scale are equivalent to the 5 units
on the 30 scale.

1”

The Architect Scale
The Architect scale is for measuring drawings dimensioned in feet and inches which can include
fractions. Architect Scales have 12 scales on them and are used to measure structures and buildings.
Each of the smaller sub-scales graduation lines on the ruler, on all 12 scales are equal to 1 inch.
The scales on the Architect ruler are as follows:
16 - The 16 scale which is on the left side is a standard ruler broken into 16 graduation marks
representing 1/16th of an inch each, which is simply a standard ruler that typically have 1/16th of an inch
graduation lines on it. The whole numbers represent inches. This is the same as a typical carpenter’s
retractable tape measure.
The 1 scale- is 1 inch is equal to 1 foot and there are 48 small graduation lines, each being equal to ¼
inch and the whole number longer marks being equal to 1 inch.
The 1-1/2 and 3 scale are for making objects on your drawing larger. These scales allow an object to be
scaled up for a closer view. When using the 1-1/2 scale which runs left to right, each whole number
represents 1-1/2 inch. There are 48 small graduation lines between the zero and the 12 making each equal
to 1/4” inch. The whole numbers used in this scale are 0, 2, 2, 1, 4, 0 in that order, left to right. The 3
scale which reads from right to left uses the large size whole numbers 0, 1, 2, 3.
There are 96 small graduation lines making each one lines equal to 1/8th inch.

The 3/32 scale is read as each whole number is equal to 1 foot and the 6 small graduation lines are equal to 2
inches each.
The 3/16 scale is read as each whole number is equal to 1 foot and the 12 small graduation lines are equal to 1
inch each.
The 1/8 scale is read as each whole number is equal to 1 foot and the 6 small graduation lines are equal to 2
inches each.
The 1/4 scale is read as each whole number is equal to 1 foot and the small graduation lines are equal to 1 inch
each.
The 3/8 scale is read as each whole number is equal to 1 foot and the 12 small graduation lines are equal to 1
inch each.
The 1/2 scale is read as each whole number is equal to 1 foot, and the 24 small graduation lines are equal to
1/4 inch each.
The 3/4 scale is read as each whole number is equal to 1 foot and the 24 small graduation lines are equal to ½
inch each.

Interpreting the Architect’s Scale:

All measurements are in feet and inches.
The red box on the left indicates the 1 scale. Reading from the 0 to the 1 (arrow) shows 1” on drawing equals 1’
on the building.
The blue box on the left indicates the ½ scale. Reading from the 0 to the 1 (arrow) shows 1/2” on drawing
equals 1’ on the building structure.

Interpreting the Architect’s Scale:

There are 3 sections of the scale we need to consider: The rectangles at the ends tell us the scale, and which end we read
that scale from.
The middle section which is read from the 0 closest to the scale to the whole number closet to the end we read from.
The small increments which also start at ) but move toward the scale marking that we are reading from.
The blue circles indicate the numbers from the left which we count from 0 to the appropriate number.
The red circles indicate the numbers from the right which we count from 0 to the appropriate number.
Notice the blue circles skip the numbers from the from the other scale but the red circles include all the Increments
from both scales which are the in between numbers. The 10 is between the 0 & 2 (1), the 9 is between the 2 &4 (3),
Ect.

To measure a line, we start from zero on the appropriate
end. The blue line is more than 3 but less than 4.

WE now move our scale back to the largest whole number which we measured (3).
Now we read the small increments which are our inches, and we determine that our line is
3’-6”. Always place answers in feet and inches with the appropriate fractions.
Example: 2’-8 ½”.

Architectural measurements:
Architectural Drawings are not extremely precise as there are
limits of what we can build efficiently.
Our scales also limit what we can draw precisely.

Accuracy VS Precision:

Pictoral illustration of accuracy and precision
using a dart-board metaphor
Author: Arbeck
Source: Wikimedia Commons
License: CC BY 4.0

Example:
The True measurement = 3.45 Inches.
Data sets containing :
(2.8”, 3”, 3.3”, 3.7” & 4.2”) –Are Neither accurate nor
precise, because the standard deviation is high.
(3.8”, 3.85”, 3.89”, 3.92” & 3.93”)--Precise but not
accurate, Standard deviation is low, but the cluster is
away from the true value.
(3.35”, 3.4”, 3.46”, 3.5”, 3.8”)--Accurate but not Precise. Clustered
closer to the true value but the standard deviation is
higher than desired.
( 3.43”, 3.44”, 3.45”, 3.46”, 3.47”)--Accurate and Precise.
Clustered around the true value and standard deviation is
within tolerance.

Significant Numbers:
The degree of accuracy to which one measures an object.
Affects the number of significant digits.
Depends on the accuracy of the measurement tool.
Degree of uncertainty.

Instrument precision-

Uncertainty:

Half the smallest mark on the measurement device.

± ____ value. The wood rule is marked in 1/8th inches. The first inch of
the steel rule is marked in 1/32nd’s, from 1 inch and higher it is 1/16th’s.

Assignment :
Use your Engineering and Architect scales to complete:
Measurement Assignment.

Measurement Assignment :
Standards:
Provide answers with correct units for each scale.
When using the Engineering scale place all answers in decimal form. Example:
5.94 Feet.
Example: 7.5 inches.
When using the Architectural scale provide answers in the correct format:
Feet’ – Inches”
Values smaller than an inch must be given as a fraction in the inches position.
3
Example: 12’ – 6 ”.
4

